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ABSTRACT

HDA (multiple discriminant analysis) has been found useful in pre-

dicting the probability of operationally critical airfield ceiling and

visibility conditions. One part of the discriminant procedure requires

at the outset a rather lengthy computation by machine to estimate these

probabilities. While the operational use of the method takes much less

effort, the time needed initially on a large scale computer may be in-

ordinate when many elements, time periods, and geographical locations

are being considered. This technical report discusses a prediction

technique, REEP (regression estimation of event probabilities), which

resulted from attempts to make NDA more efficient. Comparative studies

between REEP and MDA are included as well as other experimentations

performed using the REEP procedure. Recommendations for future work

on the technique are also given.
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1 .0 INTRODUCTION

The objective of this task was to develop, in the MDA (multiple

discriminant analysis) framework, a method which would produce medium

range ceiling and visibility forecasts efficiently. The original plan

was to investigate the use of a multivariate statistical procedure

called canonical correlation--discriminant analysis being a special

case of canonical correlation. By incorporating a feature which

screened predictors in canonical correlation, it was expected that

more than one predictand coulxd be processed simultaneously with a

resulting saving in computer time.

Work on screening canonical correlation was proceeding satis-

factorily until it was found that a technique subsequently called

REEP (regression estimation of event probabilities) possessed even

more desirable computational features. It was later discovered that

the REEF technique had appeared in the literature in 1955, Lund [11,

(see also Lund r22). In addition, work related to this approach has

been published by Cox: C, 43 and by Warner E5)-

This technical report consists of 1) a discussion of the REEP

technique, 2) the results of a comparative study between REEP and

NDA, 3) the results from a series of experiments investigating var'ious

aspects of the REEP procedure, 4) the results from experiments per-

formed to study the effect of modifying the form of the predictor

variables by means of Boolean expressions, and 5) discussion and

recomundations for future study.
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2.0 THE REEP PROEDURE

Consider the problem of estimating the probability distribution

over a set of G mutually exclusive and exhaustive gr)ups where the

groups are defined for a specific predictand. Mie statistical tech-

nique of discrimimnt aralysis may be used to estimate probability

distributions of this type E6]. The suggested approach for estimating

the group probabilities, when the underlying density functions are

unknown, is that of Fix and Hodges. This approach requires the com-

putation of "distarces" in the discriminant space between a new

observation and each observation of the developmental sample. The

set of k close neighbors is then used to estimate the group proba-

bilitie a.

The REEP procedure may be thought of as an alterwative to the

Fix-Hodges method employed in MDA. Or, more appropriately, it can

be viewed as a sel--contained statistical prediction method. The

following is a description of the REEP procedure:

Perform a series of multiple regressions on G zero-one

dependent variables, Y ",**'"YG, where each dependent variable

is associated with one of G predictand groups. The independent

variables, X, ... I,X , are taken to be the same throughout each

of the G regressions. The object of this series of regressions

is to obtain the least squares estimate of the Ats in the following

equations:
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where X0 I

All of the conditional distributions, f(YgIX9) gml ,...,G, are

Bernoulli distributions (zero- one) and on a single trial the expec-

tation is equal to the probability that Yg - 1. Thus the regression

functions give least squares estimates of the group probabilities,

AP (g=1 ,...,9G).

These estimates possess certain desirable and certain undesirable

properties:

Desirable

1) The estimates add to unity, i.e., P 9I.
Sg

2) The estimates essentially minimize the Brier-Allen P score,

N G
i.e*$ Z (Yjg - Pi

Undesirable

1) The estimates are not bounded by 0 and 1.
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An intuitively reasonable approach &nd the one used to remedy this un-

desirable property is to renormalize the estimates by: a) settire all

negatives equal to zero, b) setting all estimates greater than one

equal to one, and c) divided each by the resultirg overall mum.



3.0 REEP PREDICTOR SELECTION

A predictor selection procedure has been incorporated into the

REEP procedure similar to that used in regression and HDA 67j, namely:

Out of a set of P possible predictors X( is selected such

that in the developmental sample it contributes most significantly with

regard to one of the G predictands. That is, out of the G possible

F distribution statistics the predictor X(I) has one of these com-

puted statistics larger than any one of the G computed for the re-

maining P-i predictors.

In a similar manner, a second predictor X(2) is selected from

the P-' remaining predictors when considered in conjunction with

x(i). Selection continues until r predictors X(I), X(2), **,X

have been chosen; r is determined such that X(r+i) is not satis-

factorily significant. The significance criterion has been designed

similar to that used in screeniizp regression and NDA (see page 13,

reference [67). Namely, compare the G possible computed F sta-

tistics, at any of the r selection stages, with a critical value

1
of F0,, where the size c( of the test is I . The20L.P - (S- 01

value S denotes the selection stage number or equivalently the

number of predictors thus far selected. Tests must still be performed

to confirm its applicability, haiiever.
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4 .0 EXPERIMENTATION

A number of experiments were performed to test certain aspects of

the RMEP procedure. The complete list of experiment titles is given

below.

Title

Experiment 1 - Comparison Between HDA and REEP (Atlantic
City Airport). 7

Experiment 1A - Comparison Between MDA and REEP (Offutt
AFB, Nebraska). 25

Experiment 2 - Standard Dimmmies versus Cumulative Dummies 44

Experiment 3 - Nullifying the Effect of High Ceilings in
Predictor Selection. 69

Experiment 4 - Ceiling Prediction Using Persistence with
One and Two Hour Lagged Persistence. 78

Experiment 5 - Multiple Predictands Processed Simultaneously. 89

Experiment 6 - Effect of Restricting Selection to Predictors
with Certain Minimum Occurrence Frequencies. 96

•ami _n Z- Single-Station Predictors: Raw Dummies and
Boolean Combtinations. 106

EXperimnt 8 - Combination of Selected Predictors from Net-
work and Single-Station Boolean. 129
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EXPERIMENT 1. Comparison Between MDA and RIEP (Atlantic City Airport)

Purpose

To compare the results of short range ceiling and visibility pre-

dictions using the MDA technique and the REEP technique. In the event

RPP compares favorably with MDA it might, because of its cumputational

efficiency, be used in place of MDA for forecasting ceiling and visibilities.

Procedure

A test of the MP technique was made by comparing independent sample

predictions of ceiling and visibility using REP and MDA. Each technique

was allowed to select predictors and generate probability forecasts in-

dependently. Predictions were made for two stations, Atlartic City

Airport, New Jersey and Offutt AFB, Nebraska. (See Experiment 1A for

Offutt.)

Predictands

The five operatiomnlly significant categories of ceiling and visi-

bility at Atlantic City Airport, New Jersey for the forecast intervals

of three and seven hours define the four predictands for -kbich the tech-

niques are compared (see Table 1-1). The specifications for each pre-

dictand are given in Table 1-2.

Predictors

Seven meteo-'ological elements at 13 predictor stations (see Figure

1-1) plus the time of day (TOD) and. day of year (DOY) variables were

transformed into dum=y (zero-one) variables (see Tables 1-3 and 1-4).

This set of 423 dummy predictors was used as possible predictors for

all four predictand s.
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Standard hourly airways uurface obeervation5 covering the 10 Year

period, 1 January 1949 to 31 December 1958, furnished the data for this

study. There are 87,672 hours in the 10 years from 1949 through 1958.

This is too many to use efficiently; besides not all hours are needed

because of the serial correlation present in meteorological variables.

The amount of data was reduced by a three-stage process:

(a) Any variable not observed for a substantial portion of
the 87,672 hours was eliminated. A variable was also
eliminated if the frequency distribution of its error
vector exhibited a bias with regard to hour of day or
-:nth of year.

(b) Those hours were eliminated for which any one of the
variables was missing or failed to pass a gross-error
check.

(c) A random selection of the remaining hours was made to
select 10,000 cases.

Results

The four sets of predictors selected by MDA and REEP respectively

are given in Tables 1-5a to 1-5d as well as the REEP regression equation

coefficients for each group of the predictand. Contingency tables (see

Tables 1-6a to 1-6d) show the forecast-versus-observed frequencies for

persistence, MDA, and REEP. The number of correct forecasts (hits) and

the Brier and Allen P scores as well as the individual group contri-

-bUThns to the overall P score are given below each contingency table.

The number of hits and the overall P scores are summarized in Table 1-7

by predictand.

Conclusions

See E)Teriment IA.
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Definition of Predictaixi Groups for Atlantic City Municipal Airport

Group

Number Ceiling Intervals

1 Oft < Ceiling < 200 ft

2 200 ft < Ceiling < 500 ft

3 500 ft < Ceiling <1000 ft

4 1000ft < Ceiling <3000 ft

5 3000 ft < Ceiling

Group

Number Visibility Intervals

1 oMi < Visibility < 1/2 mi

2 1/2 =4 < Visibility < I mi

3 1 mi < Visibility < 2 mi

4 2 mi < Visibility < 3 mi

53 mi < Visibility

9



TJbe 1-2

Specification of Predictards
Atlantic City Municipal Airport

Predictand
1 2 3 4

Predictand variable CIG CIG VIS VIS

Forecast interval--hours (H) 3 7 3 7

Number of Groups (G) 5 5 5 5

Observations in Group I (nd) 100 135 153 167

Observations in Group 2 (n 2 ) 281 272 125 130

Observations in Group 3 (n3 ) 385 420 200 230

Observations in Group 4 (n4 ) 660 619 286 283

Observations in Group 5 (n5) 6530 6510 7192 7146

Total dependent, sacple size (N) 7956 7956 7956 7956

Number of independent observations
in the dependent sample (n) 2652 2652 2652 2652

Total independent sample size (M) 2044 2044 2044 2044

Number of available predictors (P) 423 423 423 423
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Table 1 -3

Number of Possible Predictors for the
3- and 7-hr Ceiling and VisibiLity at ACf

Station
IIL ACT NEL PHL SB! MDT DCA CRF PSB SWF RIC IDL DS( Toa

TOD 5 . . . . . . . . . . . . 5
DOT I . . . . . . . . . . . .-

CIG 15 5 5 5 5 5 5 5 5 5 5 5 - 70

VIS 15 C 5 5 5 5 5 5 5 5 5 5 - 70

S5 5 5 5 5 5 5 5 5 5 5 5 5 65

I 3 3 3 3 3 3 3 3 3 3 3 3 3 39

TCA 2 2 2 2 2 2 2 2 2 2 2 2 2 26

WA 12 12 12 12 12 12 - 12 12 12 12 12 12 144

SCL :3 a - - -. - - .-

Total 423
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Specifications and Limits of Uhe Zoro-One "M '
\u~ VSrLa.UlU

M-tteorological Number of

Element Dumies Limits of Each Category

Tine of Day:

TOD 5 1. From 0130 EST to 1,330 EST

2. From 0130 EST to 0730 EST
3. From 0730 EST to 1330 EST

4. From 1330 EST to 1930 EST
5. From 930 EST to 0130 EST

Day of Year:

DO1 1. From 151 (31 May) to 300 (27 Oct)

Wind:

WND 5 1. Calm to 3 Knots, any direction

2. From 230 to 6r7, 3 Knots < Speed

3. From 680 to 2020v 3 Xnots < Speed

4. From 2030 to 2470, 3 Knots < Speed
5. From 2480 to 220, 3 Knots < Speed

Relative Humidit:

RLH 3 1. From 75 per cent to 85 per cent

2. From 86 per cent to 93 per cent

3. From 94 per cent to 100 per cent

Tot~a Cloud AMount:

TCA 2 1. From 5/10 to 9/10 (incl.)

2. More than 9/10

Ceilinr Height. ft:

CIG 5 1. 0 < cIG < 200

2. 200 < CIG < 500

3. 500 < CIG <1000
4. 1000 < CIG <3000

5. 3000 IG

13



Table 1-4 - Continued

Meteorological Number of
Elemnt Duranes Limits of Each Catepry

Ceili Heipht*,. ft:

cIG 10 (1) CIG w 100

(2) CIG = 200

(3) cIG - 400

(4) CIG - 500

(5) CG = 900

(6) 1500 CIG < 2000
(7) 2500 < CIG < 3000

(8) 3000 CIG < 5000

(9) 5000 < CIG < 10,000
(10) CIG - Unlimited

Visibility, mlt

VIS 5 1. o < VIS < 1/2
2. 1/2 < VIS < 1

3. 1 < VIS < 2

4. 2<VIS< 3
5. 3<_VIS

Viibiitt*. ,i:

VIS 10 (1) 1/4 < VIS < 1/2
(2) 1/2 _.VIS < A/,

(3) 3/4 VIS < 1
(4) 1 < V:S < 1-1/2
(5) 1-1/2 S VIS < 2

(6) 2< VIS < 3
(7) 3 < VIS <4

(8) 4 < VIS < 5
(9) 5 VIS < 6

(lO) 15 < VIS

Varentheses are used here to help distinguish the two forms of ceiling
and vitaibility dunmies.



Table 1-4 - Continued

Meteorological Number of

Element Dummies Limits of Each Category

Weather Element: Teletype Code:

WEA 12 1. No Weather

2. Rain R-,-R, R+

3. Rain Showers RW-, RW, RW4

4. Drizzle or L-, L, L+
Freezing Drizzle ZL-, ZL, ZI*

5. Snow S-9 s S+
Snow Pellets SP-, SP, SP+
Snow Grains -SG-, , %
Ice Crystals IC-, IC, 10+

6. Snow Showers SW-, SW, SWo
Snow Squalls SQ-0 SQ, SQ+

7. Tornado Tornado
Thunderstorm T, T+
Squalls. Q-, Q, Q+
Hail A-, A, A+
Hail Pellets AP-, AP, AP+

8. Freezing Rain ZR-, ZR, ZR+
Sleet E-, E, E+
Sleet Showers EW-, EW, Ew+

9. Fog, Ice Fog F, IF

10. Ground Fog GF
11. Blowing Snow BS

Blowing Sand .K

Blowing Dust ED

12. Smoke, Haze, Dust K, H, D

SkY Condition. Lower:

SCL 3 1. Sky obscured X

2. Thin broken clouds - 0
Thin overcast - (D

3. Scattered clouds (D
Dark e-lattered clouds +(0
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Table 1-6a

Contingency Tables Showing Predicted-Versus-Actual Groups
for Pei-sistence, MDA, and REEP

3-hr Ceiling (Independent Sample)

Actual
Group 1 2 3 -- 4 Total

1 21 8 4 0 5 38
2 13 33 25 10 9 90

PERSISTENCE 3 2 14 50 21 21 108
4 1 8 21 68 70 168
5 7 10 27 66 1530 1640

Total 44 73 127 165 1635 2044

Hits = 1702 P = 0.2385

FP 0.0156 0.0284 0.0462 0.0636 0.0847

Actual
Group 1 2 34 5 Total

1 13 5 2 0 4 24
2 14 29 24 6 1 74

IDA 3 1 13 41 15 6 76
4 3 14 24 53 36 130
5 13 12 36 91 1588 1740

Total 44 73 127 165 1635 2044

Hits - 1724 P - 0.2135

0.0161 0.0279 0.0424 0.0601 0.0669
g

Actual
Group 1 2 3 4 5 Total

1 6 4 1 0 1 12
2 19 34 25 8 4 90

REEP 3 0 11 42 14 5 72
4 1 6 19 41 20 87
5 18 18 40 102 1605 1783

Total 4 73 127 165 1635 2044

Hits - 1728 P - 0.2135

g 9 0.0163 0.0277 0.0423 0.0605 0.0666
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Table 1-6b

Contingency Tables Shoidrg Predicted-Versus-Actual Groups
for Persistence, MDA, and KUP

7-hr Ceiling (Independent Sample)

Actual
Group 1 2 . 4 5 Total

1 8 12 8 4 6 38
2 12 22 19 19 18 90

PERSISTENCE 3 7 9 38 26 28 108
4 2 12 33 37 84 168
5 12 24 49 72 1483 1640

Total 41 79 147 158 1619 2044

Hits = 1588 P 0.2899

F 0.0183 0.0342 0.0598 0.0671 0.1105
g

Actual
Group 1 2 3 4 5 Total.

1 0 0 0 0 0 0
2 6 9 10 4 0 29

MDA 3 9 29 42 15 12 107
4 2 5 9 13 12 41
5 24 36 86 126 1595 1867

Total 41 79 147 158 1619 2044
Hits - 1659 P = 0.2589

Fg 0.0181 0.0321 0.0539 0.0653 0.0894

Actual
Group 1 2 3 4 5. Total

1 0 0 0 0 0 0
2 3 9 9 1 2 24

REEP 3 7 19 34 12 9 81
4 8 7 22 20 6 63
5 23 a4 82 125 1602 1876

Total 41 79 147 158 1619 2044

Hits - 1665 P 0.2600

P 0.0180 0.0323 0.0540 0.0666 0.0891
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Contingency Tables Showing Predicted-Versus-Actual Groups
for Persistence, MDA, and REEP

3-hr Visibility (Independent Sample)

Actual
Group 1 2 1 5 Total

1 17 10 7 1 6 41
2 4 8 9 1 16 38

FERSISTENCE 3 4 11 21 11 31 78
4 3 6 13 23 45 90
5 14 11 28 57 168*7 1797

Total 42 46 78 93 1785 204

Hits - 1756 0.1 910

Pg 0.0170 0.0200 0.0334 0.0413 0.0793

Actual
Group 1 2 . 4 5 Total

1 16 10 6 1 5 38
2 2 4 3 0 5 14

MDA 3 0 0 0 0 P 0
4 0 0 0 0 0 0
5 24 32 69 92 1775 1992

Total 42 46 78 93 1785 2044

Hits - 1795 P 0.1795

P 9 0.0173 0.0201 0.0329 0.0391 0.0701

Actual
Group 1 2 1 & Total

1 13 9 5 1 4 32
2 2 5 4 0 9 20

REUP 3 0 2 0 0 0 2
4 0 0 3 4 0 7
5 27 30 66 88 1772 1983

Total. 42 46 78 93 1785 2044

Hits- 1794 P 0.1800

P• 0.0169 0.0199 0.0331 0.0395 0.0707
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Table 1-6d

Contingency Tables Showing Predictznd-Versus-Actual Groups
for Persistence, MDA, and REEP

7-h- Visibility (Independent Sample)

Actual
Group 1 2 3 4 5 Total

1 6 4 6 7 18 41
2 3 3 4 4 24 38

PERSISTENCE 3 4 8 17 9 40 78
4 7 2 15 11 55 90
5 23 21 48 68 1637 1797

Total 43 38 90 99 1774 204

Hits = 1')74 = 0.2270

P 0.0201 0.0180 0.0405 0.0455 0.1029
g

Actual
Group 1 2 3 4 5 Total

1 0 0 0 0 0 0
2 0 0 0 0 0 0

MDA 3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 43 38 90 99 1774 2044

Total 43 38 90 99 1774 2044

Hits = 1774 F - 0,2120

P 0.0191 0.0178 0.0391 0.0448 0.0912

Actual
Group 1 2 3 4 5 Total

1 0 0 1 0 1 2
2 0 0 0 0 0 0

BEEP 3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 43 38 89 99 1773 2042

Total 43 38 90 99 1774 2044

Hits - 1773 P 0.2150

Pg 0.0196 0.0178 0.0394 0.0446 0.0936
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Table 1-7

Comparison Between Persistence, MDA, and REEP

(Independent Sample - 2044 Observations)

Atlantic City, Ceiling 3 Hours in Advance

Persistence 1702
Hits MDA 1724

REEP 1728*

Persistence .2385

SScore MDA .2135*
REEP .2135*

Atlantic City, Ceiling 7 Hours in Advance

Persistence 1588
Hits MDA 1659

REEP 1665*

Persistence .2899
PScore NDA .2589*

REEP .2600

Atl•_tic City. Visibility 3 Hours in Advrice

Persistence 1756
Hits 14DA 1795*

REEP 1794

Persistence .1910

SScore MDA .1795*
REEP .1800

Atlantic City. Visibility 7 Hours in Advance

Persistence 1674
Hits W•A 1774*

REEP 1773

Persistence .2270
Score 1DA .2120*

SPREEP .2150

Asterisks are used to denote superiority.
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LUERp ENT IA. Comparison Between MDA and REEP (Offutt AFB, Nebraaka)

The Purpose and the Procedure are the same as those in Experiment

No. I.

Predictands

Visibility at Offutt AFB was divided into four and ceiling into

five operationally significant categories (see Table IA-I) for the fol-

lowing four predictands: CIG + 3 hours, CIG + 7 hours, VIS + 3 hours,

and VIS + 7 hours. The specifications of the predictands are tabulated

in Table 1A-2.

Predictors

As in Experiment 1, seven meteorological elements at the 13 pre-

dictor stations constituted the Offutt AFB network (see Figure IA-I),

plus the time of day and day of year variables. These were then trans-

formed into 423 dummy variables (see Tables 1A-3 and IA-4).

Data Sample

A data sample containing 10,000 observations was selected at

random from the ten year period, I January 1949 to 31 December 1958.

The developmental sample ftoro the first eight years contained 7668

observations, and the verification sample from the last two yrars

contained 2332 observations.

Results

The four sets of predictors selected by MDA and REEP are show, in

Tables IA-5a to 1A-Sd in addition to the REEP regression coefficients

fcr each groap of the predictand. The contingency tables (see Tables

IA-6a to IA-6d) give the forecast-versus-observed frequencies for

25



v•*.•.� i� D - A_ and RELP. The number of bite, the P scores, and

the individual group contributions to the P score are also shown.

Table 1A-7 summarizes the number of correct forecasts and the over-

all P scores.

Conclusions

1) In the Atlantic City experiment (Experiment 1) the selected

predictors for REKY and KDA are both alike in numbers and in kind.

However, in the Offutt experiment (Experiment 1A) this is not the

eAse. There are marn more predictors selected as significant in

REEP. This i .iue to two adjustable factors introduced into the

RED computer program for the Offutt experivent but not for the

Atlantic experiment.

The first of these is that in REEP each group can be as-

signed its own effective degreen of freedom determinable from a runs

test, whereas MDA must use an average number (from previous studies

determined empirically to be at about one-third the developmental

sample size or roughly crediting only one observation a day as in-

dependent). Most of these additional selected predictors explain

a significant amount of variability in the low ceiling and visibility

categories.

Another adjustable factor is that of min frequency in

the number of observations for a possible pedictor (in our termi-

nology "bit count"). In order for a predictor to be selected it

must have been observed at least a minimum number of times in the

developmental sample. This is an adjustable input parameter to the

26



program*. A more detailed discussioi on its effects is given in a

subsequent experiment. Suffice it to say that for larger values

it selects more stable predictors with a tendency toward predictor

selection to favor higher ceiling and visibility categories. An

additional effect is that for larger values it would select fewer

predictors thus offsetting some of the effects due to the degrees

of freedom factor.

2) A summary of the results shows MDA with ten asterisks in

its favor while REIP has eight. In almost every instance where an

individual P score or the number of hits differ this difference is

very small. We conclude that for all practical purposes MDA and

REEP produce comparable results.

,The present MDA program now has this as an input parameter. At the
time of the Atlantic City and Offutt comparisons it ws not available.
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Table IA-I

We o,-, re a '.. MP nor'.,*+ Arnl

Group

Number Ceiling Intervals

1 0 ft <_ Ceiling < 300 ft

2 300 ft < Ceiling < 1000 ft

3 1000 ft < Ceiling < 1500 ft

4 1500 ft < Ceiling < 5000 ft

5 5000 ft < Ceiling

Group
Number Visibility Intervals

1 0 mi < Visibility < I mi

2 I mi < Visibility < 3 mi

3 3 mi < Visibility < 5 mi

4 5 mi < Visibility
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Table 1A-2

Specification of Predictands - Offutt AFB, Nebraska

1 2 3. 4

Predictand variable CIG CIG VIS VIS

Forecast interval--hours (H) 3 7 3 7

Number of Groups (G) 5 5 4 4

Observations in Group 1 (n1 ) 49 63 94' 106

Observations in Group 2 (n 2 ) 373 379 212 213

Observations in Group 3 (n3) 236 259 250 223

Observations in Group 4 (n 4 ) 959 920 7112 7126

Observations in Group 5 (n 5 ) 6051 6047 - -

Total dependent sample size (N) 7668 7668 7668 7668

Number of independent observations
in the dependent sample (n) 2256 2256 2256 2256

Degrees of Freedom Group 1 5400 5400 5500 5500
far each group n Group 2 4600 4600 5800 5800

g Group 3 5800 5800 6300 6300
Group 4 5200 5200 4400 4400
Group 5 3500 3500 - -

Total independent sample size (M) 2332 2332 2332 2332

Number of available predictors (P) 423 423 423 423
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Figure 1A-I.. Thirteen Station Network for Offutt AFB, Nebraska
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Table 1 A-3

Number of Possible Predictors for the

3- and ?-hr C p -Iirgy an-d VI jhiIib+.-ty int OFF

Station
Elem. OFF GRI SUX DSM MKC SSH LBF HON MSP LNK CBI SGF DCA Total

TOD 5 - - - - - - - - - 5

DOT I - - - - - - - - -

CIG 15 5 5 5 5 5 5 5 5 5 5 5 - 70

VIS 14 4 k, 4 4 4 4 4 4 4 4 4 - 58

WND 5 5 5 5 5 5 5 5 5 5 5 5 5 65

RMJ 3 3 3 3 3 3 3 3 3 3 3 3 3 39

TCA 2 2 2 2 2 2 2 2 2 2 2 2 2 26

WEA 12 12 12 12 12 12 12 12 12 12 12 12 12 156

SCL 3 - - - - - - - - - - - 3

Total 423
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Table 1 A-4

ope CA i.±cat.LorIs ariu i ru,~ 01.411 (.IUv~LVN01 IUUU/U~.~.V s f~jJ

Offutt AFB, Nebraska

Meteorological Number of
Element Dummies Limits of Each Category

Time of Day:

TOD 5 (Same as for ACY - see Table 1-4)

Day of Year:

DOY (Same as for ACY - see Table 1-4)

Wind_:

WND 5 (Same as for ACY - see Table 1-4)

Relative Humid ity:

RIM 3 (Same as for ACY - see Table 1-4)

Total Cloud Amount:

TCA 2 (Same as for ACY - see Table 1-4)

Ceiling Height, ft:

GIG 5 1. 0 < CIG < 300

2. 300 < cIG < 1000

3. 1000 < CIG < 1500

4. 1500 < CIG < 5000

5. 5000 < CIG

Ceilirc Height*. ft:

CIG 10 (C) CIG = 100

(2) CIG = 200

(3) CIG - 400

(4) CIG - 500
(5) CIG - 900

*Parentheses are used here to help distinguish the two forms of ceiling
and visibility dumimies.
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Table 1A-I - Continued

Meteorological Number of
Element Dummies , i.L,•, of a.c--,,-,..

Ceiling. Heiht*,. ft:

(6) 1500 < CIG < 2000

(7) 2500 < CIG < 3000

(8) 3000 < CIG < 5000

(9) 5000 < GIG < 10,000

(10) GIG = Unlimited

Visibility, mi:

VIS 4 1. o < VIS < i

2. 1 < VIS < 3

3. 3 < VIS < 5

4. 5 < VIS

Visibility*. mi:

VIS 10 (0) 1/A S VIS < 1/2

(2) 1/2 < VIS < 3/4

(3) 3/4 < VIS < 1
(4) 1 < VIS < 1-1/2

(5) 1-1/2 <. VIS < 2

(6) 2 < VIS < 3

(7) 3 < VIS < 4

(8) 4 < VIS < 5

(9) 5 < vis < 6

(0o) 15 . VIS

Weather Element:

WEA 12 (Same as for ACY - see Table 1-4)

Sky Condition, Lower:

SCL 3 (Same as for ACY - see Table 1-4)

*Parentheses are used here to help distinguish the two forms of ceiling

and visibility dummies.
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